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AIR DROP TESTS WITH THE 
SNOW COMMANDER AIRTANKER 
AND GELGARD F FIRE RETARDANT 
By 
J. E. GRIGEL 
INTRODUCTION 
The use of airtankers and fire retardants for the 
aerial suppression of forest fires is firmly established. 
Their success has led to the modification and development 
of more effective dropping aircraft and fire retardants. 
Evaluation of the numerous aircraft and retardant materials 
is a lengthy process, and operational use has often pre­
cluded any detailed research. As a result, airtankers and 
fire retardants are often introduced into an area following 
only limited testing. Additional experimentation is 
usually required to assure the most efficient use of a 
particular airtanker/retardant combination in a region. 
These suppression agents are expensive, and it is 
essential that both the aircraft and retardant be used 
wisely. To permit this, the actual fire-fighting capability 
of an airtanker/retardant combination must be assessed. A 
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knowledge of the ground distribution patterns formed by the 
combination provides a means of partly rating its effective­
ness , along with providing background information essential 
for the modification and development of airtankers and 
retardant materials. 
In 1966, the Alberta Forest Service introduced the 
Snow Commander airtanker and GELGARD F fire retardant into 
its aerial fire suppression operations. The Snow Commander 
is a low-winged aircraft equipped with a 250 imperial gallon 
internal tank. GELGARD F is a short-term fire retardant^ 
which forms a fluorescent pink viscous gel when combined 
with water. The utilization of this airtanker/retardant 
combination is favored by the presence of numerous small air­
strips located throughout the forested regions of southwestern 
Alberta. Since the characteristics and logistics of GELGARD F 
retardant enable a mixing operation to be established with 
a minimal amount of effort at the airstrip nearest the wild­
fire, this combination is effective, especially when uti­
lized in the support action role. 
Little information describing the use of either 
1 A short-term retardant depends primarily on the water it 
contains to prevent combustion. 
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the Snow Commander^ airtanker or GELGARD F fire retardant 
is available. Belt (1963) briefly mentions the use of 
the aircraft as an airtanker in North Carolina. The appli­
cation of GELGARD F retardant on wildfires by the 1200 U.S. 
gallon capacity PBY Canso amphibian, the 6000 imperial 
gallon Martin Mars seaplane and helitankers is reported by 
Davis ̂  (1965) , Radcliffe (1966) , and Burke (1965) , 
respectively. A study to gather information on the Snow/-
GELGARD F combination would aid aerial fire suppression 
operations in Alberta. 
OBJECTIVES 
The objectives of this study are to develop a 
procedure for determining ground distribution patterns, and 
to determine through calibration tests: 
1. the ground distribution patterns of GELGARD F retardant 
mixtures released from the Snow airtanker onto (i) an 
open area and (ii) a mature, well-stocked lodgepole 
pine stand. 
2. the effect of (i) release height and (ii) mixture 
1 Henceforth referred to as the Snow. 
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viscosity on ground distribution patterns formed by 
GELGARD F retardant. 
LrTERATURE REVTEW 
Airtan£.er Development 
In 1954, tFLe concept of free-^dropping water onto 
wildfires from aircraft gained impetus- following a series 
of drop tests in Califronia using a converted TBM torpedo 
bomber. From tRis study, labeled Operation Firestop, it 
was concluded that it is feasible to apply water or non-^ 
corrosive fire retardants witELout the use of containers, but 
that this type of attack will not replace ground forces 
(Anon. 1955) . 
Other studies developing the technique of bulk 
dropping of water or retardants soon followed. The conver-^ 
sion of military and agricultural spray aircraft into air^^ 
tankers became widespread, Ely et a^, (19571 carried out a 
series of tests with the Stearman biplane in California, 
Davis (1960), in a report for the California Air Attack 
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Coordinating Committee, presented the results of air drop 
tests conducted during 1955 to 1959 with Stearman and 
F7F airtankers. Successful application of airtankers in 
the western United States prompted the testing and uti­
lization of retardant planes in the East (Storey et al. 
1958, Belt 1963, Cobb 1967). 
These tests were not confined to land-based air­
craft. In 1957, the amphibious PBY Canso water-bomber was 
introduced in California (Reinecker and Phillips, 1960). 
Development of float-equipped aircraft, such as the De-
Havilland Beaver, for water-bombing is described by 
Strothman and McDonald (1961) and Dieterich (1962). Williams 
(1962) reports on a series of air drop tests with the Martin 
Mars seaplane in British Columbia. More recently, Hodgson 
(1967) describes water-dropping tests using the Otter, Twin 
Otter, Turbo Beaver and PBY Canso seaplanes. 
Commercially built aircraft designed partly or 
specifically as airtankers are being introduced. The amphi­
bious Canadair CL-215 water-bomber is expected to be in 
operational use in 1968 (Anon. 1967). The Snow Coimnander, 
a dual agricultural spray/retardant plane, is used as an 
airtanker in North Carolina (Belt, 196 3). 
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GELGARD F Retardant 
GELGARD F fire control polymer itself is not a 
chemical fire retardant, but serves only to convert water 
into a much more effective form. This short-term retardant 
is a synthetic organic polymer in insoluable powder form 
that can absorb water in amounts 100 to 1000 times its own 
weight. Between one and three pounds of GELGARD F mixed 
with 100 U.S. gallons of water will produce a thick gel — 
the exact quantity being dependent upon water hardness 
(Anon. 1964). 
The polymer mixes easily. Several mixing methods 
have been found adequate, including jet aspirators, side-
entry batch mixers and positive feed demand mixers (Davis 
et al., 1965). 
GELGARD F has been tested in both the laboratory 
and field. Laboratory studies showed that for short drying 
times (1 to 2 hours) and for fires between 1,000 and 1,200°F, 
GELGARD F mixture is superior to plain water and to bentonite 
mixture as a retardant (Davis ̂  , 1965) . Bentonite 
is a fire control material commonly used with airtankers. 
Rothermel and Hardy (1965) report that GELGARD F has approx­
imately the same drying rate as other common short- and long-
term retardants exposed under a variety of environmental 
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conditions. 
Because only a small amount of GELGARD F is 
required to produce a thick gel, the retardant is especially 
suited for use in helitankers and water-based bombers. 
GELGARD F mixtures released from a helicopter during tests 
of three new helitankers formed narrower and more concentra­
ted patterns than plain water (Davis, 1963). In 1964, 
helitankers delivered approximately 26,000 U.S. gallons of 
GELGARD F onto wildfires in Eldorado County, California 
(Burke, 1965). 
GROUND DISTRIBUTION PATTERNS 
The effectiveness of a particular retardant, i.e., 
GELGARD F, in retarding or extinguishing a wildfire when 
aerially applied is determined by its ground distribution 
pattern, more specifically, the concentration of the retar­
dant within the pattern. In turn, the pattern of the 
retardant drop is dependent upon: 1) height of aircraft at 
moment of release, 2) speed of aircraft at moment of release, 
3) retardant drop size and aircraft gating, 4) properties of 
the retardant, 5) atmospheric conditions, and 6) fuel and 
vegetative type. Since these factors are interrelated, it 
is difficult to establish the relative importance of each. 
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Research studies to provide this information 
must necessarily be detailed and lengthy. The variation 
in the types of airtanker/retardant combinations operationally 
applied and the rapid changes in this phase of fire control 
has limited the amount of research conducted. When pub­
lished, the results of these limited studies are often no 
longer directly applicable. 
1. Height of Aircraft 
In Alberta the height of an aircraft at moment 
of release varies, but with the Snow is usually 20 to 30 
feet above the tree canopy. In mountainous terrain and 
forested areas with abundant snags, the height is increased 
to maintain safety. 
Open area tests with borate showed that as the 
drop elevation increased above 50 feet, the area receiving 
2 gallons per 100 square feet (gal./lOO sq. ft.), which was 
considered the minimum required to hold a fire, decreased 
markedly (Davis, 1960). Not only did increased height sub­
ject the retardant to more evaporation and wind drift, but 
also the air turbulence increased its erosion rate. Although 
the overall area of the pattern did not materially differ, 
the increased drop height allowed the retardant within the 
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falling mass to disperse more, thus decrease the area 
covered by the higher concentrations. 
2. Speed of Aircraft 
The speed of an- aircraft at moment of release is 
less variable than height because of the necessity to pre­
vent excessive shear from disintegrating the retardant load 
at high drop speeds,and the limitations imposed by the de­
sign of the airplane at both low and high speeds. The air 
speed of an airtanker during aerial application of fire 
retardant is usually established within a certain range for 
any region. In Alberta, the Snow is utilized in areas where 
elevations exceed 3,000 feet, and in rough terrain where 
quick pull-ups following release are required. As a result, 
air drop speed during bombing operations does not fall below 
95 m.p.h. and is normally in the 100 to 115 m.p.h. range. 
This speed may be exceeded in power dive drops. 
As drop speed increased, the effective area pro­
duced by bentonite and borate was reduced in size and length; 
there was also a tendency to miss the target (Davis, 1960). 
With an increase in drop elevation and speed, both bentonite 
and borate broke up into large clouds that tended to drift 
away from the target (Davis, 1960). Thus the combination 
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of drop height and speed is critical, and both factors must 
be given consideration during bombing operations. A low, 
slow drop may provide the retardant concentration necessary 
to extinguish a fire in both light and heavy fuel, i.e., 
grass and logging slash acciamulations, respectively. However, 
the drop made onto the light fuel may provide application 
rates far greater than the minimum necessary to extinguish 
the fire, reducing the potential effective area of the drop. 
Conversely, a high, fast drop may provide adequate applica­
tion rates for extinguishing a fire in light fuel, but 
inadequate rates for extinguishing a fire in heavy fuel. 
3. Retardant Drop Size and Aircraft Gating 
The retardant drop size and aircraft gating 
greatly affect the concentrations in which the retardant 
reaches the ground. Tests by Davis (1960) showed that, for 
a given combination of height and speed, the larger the load 
the larger will be the effective drop pattern. But, a large 
load dropped high and fast may not be as effective as a 
small load dropped at a combination of low height and speed. 
In other words, flying conditions permitting, a big capacity 
airplane flying low and slow will do more effective work 
than a small plane. However, if stall speed or terrain 
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force a large plane to fly high and fast, it may not do as 
well as a small, more maneuverable airtanker (Davis, 1960). 
The rate at which the retardant is released from 
the tank is controlled by the aircraft gating system. The 
size of the gate(s) and extent and speed of gate opening 
are important. It was found that, using gates of 115 and 
175 square inches on the bottom of 100 gallon retardant tanks, 
the overall pattern was longer for the smaller gate (Davis, 
1960). However, the effective pattern(2 gal. or more/100 
sq. ft.) was much smaller. The small gate gave no concen­
trations greater than 3 gal./lOO sq. ft. when dropped from 
50 feet while the large gate gave concentrations as high as 
six gallons. 
In current aerial fire suppression operations, the 
utilization of larger capacity airtankers, i.e., 1,000 gal. 
B-26 and 2,000 gal. B-17, employing a number of separate or 
inter-connected tanks and controlled gating systems, is 
prevalent. By controlling the rate at which the retardant 
is released, thus adapting the airtanker to that particular 
wildfire situation, the effectiveness of the aircraft is 
greatly increased. 
Smaller airtankers, such as the 250 imperial 
gallon Snow, are not equipped with a series of tanks or a 
controlled gating system. The tank in the Snow is equipped 
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with a 25- x 2 8- in. mechanically-operated drop gate which 
is essentially the bottom of the hopper-shaped tank. The 
load is ejected in approximately 1.5 seconds. The area of 
the gate (728 sq. in.) is below the 1,000 sq. in. for each 
200-250 U.S. Gallons considered optimum for good clean drops 
(Davis, 1960). 
Proper venting of tanks also helps produce more 
effective patterns by providing a supply of air to insure 
even, steady flow of the retardant from the tank. Lack of 
adequate venting produces the same effect as inverting a 
water-filled bottle. The Snow is equipped with a 9-in. 
diameter circular vent on the top of the tank. The ratio 
of the vent area (64 sq. in.) to gate area (72 8 sq. in.) is 
1:11.4, less than one-half the 1:5 ratio considered neces­
sary (Reinecker and Phillips, 1960). Assuming the above 
data is applicable to the Snow, it is obvious that the gat­
ing and venting system is belov/ that considered optimum for 
good clean drops. 
4. Properties of the Retardant 
Although the viscosity, i.e., resistance to flow, 
of the retardant is an important factor, its rhelogical 
properties, i.e., shear stress, yield strength, etc.,must 
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be considered. For example, a high viscosity polymer may 
or may not be cohesive •— affecting the drop patterns. Clay-
thickened retardants require a higher viscosity than gum-
thickened ones to produce the same application effectiveness. 
Thus, each type of material must be judged by its own per­
formance (Anon. 196 7). 
Drop tests with borate slurry and water showed 
that there was no material difference in the length and sur­
face area of the drop pattern receiving 0.5 gal./lOO sq. ft., 
since both liquids tend to drift (Davis, 1960). However, 
when the portion of the target receiving at least 2 gal./ 
100 sq. ft. was calculated, the borate effectively covered 
a much larger area than water. Generally speaking then, a 
material with a higher viscosity will drift and disperse 
less during the fall to the ground than the same material 
with a low viscosity. 
Similar ground coverage can possibly be obtained 
by varying the viscosity of the retardant mixture and drop 
height and speed. A high viscosity mixture released from a 
high altitude may produce a distribution pattern similar to 
that obtained with a low viscosity mixture released from 
low altitude at the same drop speed, assuming the rheological 
properties of the retardant are similar. This factor is 
important in the case of GELGARD F retardant, which is mixed. 
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loaded and dispatched almost simultaneously. Thus, regula­
tion of the viscosity of GELGARD F mixtures can likely 
determine the type of ground distribution patterns produced 
by the Snow airtanker. 
5. Atmospheric Conditions 
The condition of the atmosphere at moment of 
release is undoubtedly an important factor in determining 
the ground distribution pattern of a drop. High air tem­
perature and low relative humidity probably increase the 
loss due to evaporation during the fall to the ground. When 
relative humidity was high (60 to 70 per cent), more than 
twice as much water reached the ground in concentrations 
of 0.4 gal. or more/100 sq. ft. than when it was low (35 to 
40 per cent) during a series of tests carried out with the 
125 gallon capacity DeHavilland Beaver (Strothmann and 
McDonald, 1961). Also, twice as much area was covered by 
the higher concentrations of water when the drops were made 
under more humid conditions. However, it should be noted 
that the water tank and release gates during these tests were 
far from ideal and prevented good clean drops. No meaningful 
correlation between relative humidity and amount of water 
losses was found during the test drops by Hodgson (196 7). 
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Wind speed and direction greatly affect resultant 
ground distribution patterns. Under high wind conditions, 
a large portion of a retardant drop may be lost due to 
drift. A load of water released into a headwind will pro­
duce a ground distribution pattern that is longer than a 
load released downwind. In the headwind drop, the first 
droplet^ to be eroded at the trailing edge of the cloud is 
influenced by wind longer than the last droplet, the time 
being equal to that required to release the bulk of the load. 
Thus, the trailing edge of the pattern will be stretched 
over an additional distance equal to the product of the 
release time in seconds and wind speed in feet per second. 
On the forward edge of the water mass, the pattern bunches 
up; the wind holds the front flank while the momentum of the 
remainder of the load causes the water to push up against 
the wind barrier. If the drop is made downwind, the 
1 Bulk water has a low ratio of drag to mass and a resulting 
large terminal velocity; water droplets have a high ratio 
of drag to mass and a low terminal velocity. Water in 
bulk form, forming the sharp front of the falling water 
mass, only proceeds to a certain distance below the air­
craft before it breaks sharply rearward. At this point 
the bulk water is eroded into droplets. Distortion of 
the pattern by wind takes place between when the first 
water is released and when all the water is eroded into 
droplets. This is because only water in droplet form is 
significantly affected by wind, the effect on water in 
bulk being negligible because of low drag/mass ratio. 
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opposite effect will result. The pattern will be shorter, 
with the trailing edge distribution steeper. Cross winds 
will skew the pattern away from the direction of the wind 
(Gould, 1967). 
6. Fuel and Vegetative Type 
Overstory crowns and understory vegetation inter­
cept and retain air-dropped materials, thus affecting the 
resultant ground distribution patterns. In Georgia, 50 
per cent of the kaolin slurries dropped from a 440 U.S. 
gallon TBM airtanker onto pine canopies with closures 
ranging from 6 3 to 6 9 per cent in stands 25 to 55 feet in 
height reached the ground (Storey et , 1959). Further 
tests in a mature, well-stocked, fully-leafed hardwood stand 
90 feet tall showed only 10 to 15 per cent of the material 
reached the ground, and this was concentrated under canopy 
openings (Johansen, 1964). 
An additional study by Johansen (1967) to learn 
the effect of solution viscosity on penetration of retardants 
through tree crowns showed that viscous water had greater 
adhesion to the tree canopies than did both "wet" water^ and 
1 "Wet" water is water to which a wetting agent has been 
introduced. The chemical additive reduces surface tension, 
permitting better dispersal and greater penetration. 
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plain water. Although the pattern length for the viscous 
water drops was roughly the same as that for plain and"wet" 
water at the level of %- and l-gal./lOO sq. ft., the amount 
of liquid reaching the ground was consistently less. Thus, 
by varying the viscosity of the GELGARD F mixtures, the 
amounts of material retained by the tree canopy and the 
resultant ground distribution patterns can likely be in^ 
fluenced. 
METHODS 
Description of Field Sites 
Two level study areas, an open field and a mature, 
well-stocked lodgepole pine (Pinus contorta var. latifolia) 
stand, were selected 10 miles west of Edson, Alberta (Figure 
1). The stand averaged 5.9 inches d.b.h., 63 feet in height, 
and had a basal area of 166 square feet per acre. Crown 
closure was estimated as 40 per cent. 
Grid systems to calibrate the retardant drops were 
established on both sites using specially-constructed con­
tainers. In the open area, the containers were open-ended 
enamel cans 2 7/8 inches in diameter and 4 5/16 inches in 
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height, nailed and taped onto 18-inch long, l^g-x IJs-inch 
wooden stakes (Figure 2a). These were driven into the 
ground to a depth of 6-inches, so that the tops of the cans 
were a uniform 12 inches above the surface of the ground. 
In the forest stand, containers were modified to facilitate 
easier handling. Since the main force of the retardant 
drops onto the forest stand was broken up by the tree 
canopy, containers as sturdy as those used in the open area 
were not required. A 6-inch spike was spot-welded onto the 
bottom of open-topped enamel cans (Figure 2a). Two holes 
were punched in the bottom of the cans to facilitate drain­
ing following any precipitation. The containers were easi­
ly placed into the forest floor. Collection of the retardant 
mixture from the drop tests was made using 10-ounce plastic-
lined paper cups, top inside diameter 2.94 inches, which 
fitted snugly into the can containers (Figure 2b). 
The grid system on the open field consisted of 
714 containers. An inner grid, utilizing 7.5 foot-square 
spacing, was 2 70 feet long by 82.5 feet wide; an outer grid, 
utilizing 10 foot-square spacing, made the overall grid 350 
feet long by 142.5 feet wide. The outer grid was established 
to ensure that retardant mixture from any overshoots or 
undershoots was included in the calibration of the test 
drops. Each stake was identified by a letter and number; 
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Figure 1. The two air drop sites: open field in upper 
rigfit-hand corner; lodgepole pine stand in 
center. Note smolce column identifying stand 
grid area. 
Figure 2.a - Containers used to construct grid systems: 
left- stand container, rigELtr- open area 
container; 10-ounce paper cup placed in 
container to collect GELGARD F retardant. 
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lateral rows were labeled Ax - Jx in the inner grid and 
A - 0 in the outer grid, while longitudinal columns were 
numbered 1 - 37 in the inner grid and 1 - 36 in the outer 
grid (Figure 3). 
The grid system in the forest stand consisted of 
343 containers. Utilizing 10 foot-square spacing, the grid 
covered an area 300 feet long by 100 feet wide. Each can 
was identified by a letter and number; lateral rows were 
labeled A - K and longitudinal columns 1-31 (Figure 4). 
All containers were placed according to their predesignated 
location; no attempt was made to place the containers under 
a uniform crown closure. The change to a uniform 10- x 10-ft. 
grid spacing was made after preliminary air drops in the 
open area indicated this spacing interval involved much less 
work than the 7.5- x 7.5-ft. grid spacing. 
The corners of the open area grid were marked with 
red 2- x 2-ft. flags to facilitate easy aerial identifica­
tion. Multicolored flagging was placed along the center line 
of the grid to designate line of flight. Because of a lack 
of suitable material, the boundary of the grid system in the 
lodgepole pine stand was difficult to delineate. However, 
the area was established so that the center line, or line of 
flight, coincided with the edge of an adjacent clearcut block. 
During the stand drops, a column of smoke from a fire lit in 
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oil-soaked straw was used to identify the center of the 
grid. 
A ground view of the open area grid system is 
shown in Figure 5. The construction of the stake containers 
and grid system in the open area was based on a procedure 
established by Hodgson (1967). 
Preparation of GELGARD F Retardant Mixtures 
GELGARD F retardant mixtures were prepared with 
an injector at Alberta Forest Service facilities at the 
Edson airstrip. Original plans called for preparation of 
three mixture levels — thin, medium and thick — which were 
1 
to be defined by measurements using the modified Marsh funnel. 
Difficulties in preparing these mixtures were experienced 
due to the characteristics of the retardant and the carrying 
out, at the same time, of field tests with a new mixing 
system. 
Two classes of GELGARD F retardant mixtures were 
1 The Marsh funnel was designed initially for measuring the 
viscosity of "drilling mud" in oil fields. It was modified 
to permit viscosity of fire retardants to be determined by 
relating Marsh funnel readings in minutes and seconds to 
Brookfield Viscometer Model LVF readings in centipoise units. 
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used for the air drop tests as a result. Thin mixtures vrere 
prepared using 6 to 8 lb. GELGARD F power/25Q gal. water. 
These mixtures did not gel because water conditions, i.e., 
salt content and/or temperature, were not ideal for prepara^ 
tion of viscous gels at this application rate. The mixtures 
could be described as being two-phased systems, i.e., gelled 
particles distributed throughout the liquid phase. Modified 
Marsh funnel readings for these mixtures were less than 1 
min. 00 sec. Using tables to convert Marsh funnel readings 
to Brookfield Viscometer Model LVF Readings, these mixtures 
had a viscosity of less than 600 centipoise units (cps.) 
(George and Hardy, 1966). 
Thick mixtures were prepared using 10 to 12 lb./ 
250 gal. All mixtures were uniform thick viscous gels having 
modified Marsh funnel readings greater than 6 min. 30 sec. 
Since the conversion tables do not have corresponding 
Brookfield Viscometer Model LVF values above this time— 
the material cannot flow through the funnel orifice at this 
stage — the viscosity of all the thick mixtures was greater 
than 1505 cps. (Marsh funnel time 6 min. 30 sec.). A 
thick GELGARD F gel used for the air drops is shown in 
Figure 6. Water for preparing all the mixtures was obtained 
from a creek; water temperature varied between 5 8 and 6 8°F. 
All retardant loads were 250 gallons. 
Figure 5, Ground view of open area grid system 
Figure 6. Thick GELGARD F mixture used for air 
drop tests. 
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Information on each mixture was recorded on a 
GELGARD F EVALUATION FORM (Appendix I). 
Drop Specifications 
The availability of the Snow airtankers during 
the summer of 1967 was the primary factor determining the 
niomber of test drops to be conducted. Airtankers CF-VAR, 
CF-VAS, CF-VAT and CF-UND were utilized when not involved 
in fire suppression activities. Air drops were conducted 
when ground wind speed was less than 10 m.p.h. and wind 
measured at a nearby lookout was in the same range. In 
addition, the numerous man hours required to weigh the 
retardant samples and prepare for succeeding drops, and 
other operational problems, all affected the drop schedule 
prepared prior to the test series. 
All air drops were made from a designated release 
height at 100-110 m.p.h. air speed. In the open area, drops 
were to be made from 75, 100 and 125 feet above the ground; 
however, difficulties were encountered in maintaining these 
exact heights. In the forest stand site, drops were made 
from 15 - 30 feet above the tree canopy, or 78 - 93 feet 
above the ground. A total of 22 drops were made: 16 onto 
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the open area and 6 onto the forest stand. 
Drop Procedures 
Prior to each test drop series, the paper cups 
were labeled with the appropriate coordinate letter/number 
and placed into corresponding containers, thus identifying 
their position in the grid system. Labeling of the cups 
prior to the drop enabled fast collection afterwards. The 
GELGARD F mixtures requested were prepared and the Snow 
airtanker dispatched to the drop area (Figure 7). Successive 
air drops onto the open area were made as quickly as possible, 
and onto the forest stand at hourly intervals. 
Height of drop was predetermined and tke pilot 
released the retardant accordingly. Difficulty in maintain­
ing accurate altitude over the open drop area using aircraft 
instruments was experienced during the initial tests. As 
a result, the height of the aircraft was measured using two 
haga altimeters located 200 feet at right angles to the 
center line, or, line of flight. Aircraft altitude was 
measured on a dummy run(s) and relayed by radio to the pilot, 
who corrected his altitude as requested. When the desired 
drop height was obtained, the drop v^as made on the succeeding 
- 28 -
run. Even with this control, it was difficult to main­
tain the requested drop altitudes. The distance the air­
craft was either left or right of the center line at the 
moment of release was recorded to permit correction of the 
calculated drop height. Drop height for the forest stand 
drops was estimated by the pilots by using the tree heights 
as guides• 
Air temperature, relative humidity, and wind speed 
and direction at 4% feet were recorded on the GRID SYSTEM 
EVALUATION FORM immediately prior to each drop (Appendix II). 
Operational data for the air drops are presented in Table I. 
Only those drops for which accurate drop heights were measured 
and which fell within the grid system are included. 
Following each drop, cups containing any retardant 
mixture were capped with tight-fitting plastic lids, collec­
ted, and placed into specially-constructed cardboard boxes. 
For additional drops, new cups were labeled with the neces­
sary coordinate letter/number and placed into containers from 
which cups holding retardant had been removed. The cups 
remaining in the grid after the last test drop for the day 
were gathered to prevent any increase in weight from precip­
itation or dew. An air drop onto the open area is shown in 
Figure 8, while a sequence for a drop onto the lodgepole pine 
stand is shown in Figure 9. 
±/ijd±JJ:1j JL 
OPERATIONAL DATA FOR THE SNOW/GELGARD F AIR DROP TESTS 
EDSON, ALBERTA, 196 7 
WIND 
DATE & GELGARD HEIGHT OF-^ AIR REL. SPEED 
DROP NO. SITE^ MIXTURE PLANE (Ft.) TEMP. (°F) HUM.(%) M.P.H. DIRECTION 
June 20-1  0  Thin 74 75  26  5  SW 
June 20-2  0  Thin 104 75  28  2  SW 
June 21-1  0  Thin 70 54  70  0  -
June 21-2  0  Thin 68 57  62  2  SE 
June 21-3  0  Thin 64 61  54  4  SE 
June 21-4  0  Thin 72 64  40  0  -
June 23-3  0  Thin 68 70  28  8  SW 
July 10-4  0  Thin 95 70  30  0  -
July 6-2  0  Thick 66 61  54  6  SW 
July 6-3* 0  Thick 98 62  50  2  SW 
July 6-4  0  Thick 105 54  54  8+ s  
July 6-5* 0  Thick 56 59  50  4  SW 
July 7-1  8  Thick 104 65  44  0  -
July 7-2* 0  Thick 125 66  38  0  -
July 10-3  0  Thick 87 71  31  0  -
July 11-3  0  Thick 124 76  34  0  -
Aug. 2-1  s  Thick - 71 45  0  -
Aug. 2-2  s  Thick - 79 44  4  NW 
Aug. 3-1  s  Thick - 78 27  0  -
Aug. 3-3  s  Thick - 80 24  0  -
Aug. 3-4  s  Thick - 78 20  0  -
Aug. 3-5  s  Thick - 80 29  0  -
&6 
Notes: 1 Drops made with air-vent door removed. 
2 0 = open area; S = forest stand 
3 Height for stand drops was 15-30 feet above crown canopy, or 78-93 feet 
above ground. All drops at 100-110 m.p.h. 
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Figure 7. Snow Commander airtanker used for 
air drop tests; 250- gallon tank 
between engine and cockpit. 
Figure 8. Air drop test onto open area grid 
with thin GELGARD F mixture. 
Figure 9- Air drop onto the lodgepole pine test 
grid. 
- 32 -
The retardant cups were weighed as soon as 
possible to the nearest 0.1 gram with a Mettler Model P-1500 
direct-reading balance. An average weight for the empty 
cup and lid was predetermined by selecting five cups and 
lids from each box of 100. The tare on the balance was set 
at this weight, so that the balance scale registered zero. 
The readings obtained when each of the capped cups was 
weighed was essentially the weight of the retardant collected. 
Possible errors which may have occurred during the measure­
ment of the amount of retardant collected in each cup are 
discussed in Appendix III. 
ANALYSIS OF DATA 
Preparation of Ground Distribution Patterns 
Data for each drop were plotted on 10 squares-to-
the-inch graph paper using a grid scale of 1 inch = 20 feet. 
The retardant weight measured in each cup was transferred to 
its corresponding coordinate on the graph grid. Isolines, 
or contour levels, were drawn for retardant weights of 
>0,^ 1.0, 2.0, 5.0, 10.0, 15.0 and 20.0 grams. A linear 
1 The >0 gram contour level included retardant weights up to 
0.2 gram, which was the amount of variation in the cup 
and lid weights. 
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interpolation was made to calculate the position of a con­
tour level between any two coordinates. Since each contour 
level closed within the grid, with a few exceptions, the 
resultant ground distribution patterns resembled topographic 
contour maps. 
Measurement of Contour Level Areas 
A planimeter was used to measure the area of each 
contour level in a ground distribution pattern. Three 
readings of each level were taken, averaged, then multiplied 
by the conversion factor (4) to obtain the area in square 
feet. 
Measurement of Contour Level Lengths 
The length of individual contour levels along the 
direction of flight was measured for each ground distribu­
tion pattern. Where a contour level occurred more than once 
within a pattern, as was frequently the case, the individual 
contours were totalled to determine contour length for that 
level. An example is presented below: 
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Flight 
Direction 
Calculation of Percentage Ground Recovery 
The amount of retardant reaching the ground was 
calculated for each drop. It was assumed that each contain­
er in the grid system represented one-half the distance to 
the adjacent containers. Thus,in the 7.5- x 7.5-ft. grid 
each container represented 56.25 sq. ft.; in the 10- x 10-ft. 
grid 100.00 sq. ft. The factors to convert cup retardant 
weight in grams to gallons of retardant were calculated as 
follows: the top area of the cup was 6.78 sq. in. In the 
7.5- X 7.5-ft. grid, the ratio of area represented by the 
cup to actual cup area was: 
56.25 sq. ft. = 8100.00 sq. in. = 1194.7 
6.78 sq. in. 6.78 sq. in. 
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Thus, the weight of GELGARD F mixture on the area represen­
ted by each cup was 1194.7 x cup retardant weight in grams. 
The weight of one gallon of GELGARD F mixture was considered 
the same as water, 10 lb. or 4536 grams. The factor to con­
vert the cup retardant weight in grams directly to gallons for 
the 7.5- x 7.5-ft. grid was calculated as 1194.7 = 0.27. 
4536 
Therefore, the number of gallons recovered in the 7.5- x 
7.5-ft. grid was the total retardant weight of the cups in 
grams multiplied by 0.27. 
The conversion factor for the 10- x 10-ft. grid 
was calculated as 0.47, while the factor for the area where 
the 7.5- and 10-ft. grids adjoined, which represented 87.5 
sq. ft., was 0.40. The quantity of retardant recovered on 
the ground was the total of these individual amounts. In 
the forest stand site, where only 10- x 10-ft. spacing was 
utilized, the conversion factor was 0.47. 
Comparison of Ground Distribution Patterns 
The contour level areas and lengths and ground 
recovery rates for the open area drops were compared according 
to height of release and mixture viscosity. A study of the 
lodgepole pine drops was also made. Statistical analysis of 
the data was not made because of the lack of sufficient 
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replications. 
RESULTS 
Open Area Test Drops 
Area (sq. ft.) covered by each contour level and 
percentage ground recovery for the thin and thick mixture 
open area drops are listed in Appendix IVa, while contour 
level lengths (ft.) for the same test series are listed in 
Appendix IVb. The drops used in the interpretation of the 
data are listed in Tables II and III. 
1. Effect of drop height on ground distribution patterns 
The height at which the GELGARD F retardant mix­
tures were released over the open area affected the ground 
distribution patterns. This effect was evident in both the 
thin and thick mixture drops. 
(i) Thin mixture 
Variation in the patterns of drops 5 and 8 is 
shown in Table IV (Figures 10 and 11). The effect of drop 
height was noticeable in both the areas and lengths of the 
various contour levels. In Drop 5, the retardant did not 
DROP 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14* 
15* 
16* 
1 "* 
2 "* 
80 
71 
74 
82 
78 
77 
67 
63 
94 
74 
72 
78 
70 
85 
90 
75 
TABLE II 
CONTOUR AREAS (SQ. FT.) AND PERCENTAGE GROUND RECOVERY 
FOR THIN AND THICK MIXTURE DROPS ONTO OPEN AREA 
DROP . CONTOUR LEVELS (GRAMS) 
JELGARD HEIGHT >0^ > 1 > 2 >5 >10 >15 >20 
IIXTURE (FT.) AREA (SQ. FT.) ^ —  —  — —  
Thin 64 16916** 9216 5972 2160 996 492 132 
Thin 68 19380** 10784 7250 2542 106 - -
Thin 68 18916** 10724 6378 1888 490 148 32 
Thin 70 16788 9724 6824 2736 512 100 32 
Thin 72 17412 9518 6642 2790 364 60 -
Thin 74 16784 9928 7208 2676 256 8 -
Thin 95 19000** 10016 5382 1840 240 60 -
Thin 104 19420** 9796 6308 1900 12 - -
Thick 66 18492 10336 6880 3382 1032 282 20 
Thick 87 19028** 9602 6296 2400 326 4 -
Thick 104 18398** 11000 7016 2080 32 - -
Thick 105 20268** 13420** 7082 1872 94 - -
Thick 124 21136** 10870 6736 2252 - - -
Thick 56 16612** 10188 6720 2156 696 352 148 
Thick 98 20152** 11328 7318 2618 744 154 4 
Thick 125 21040 11270 7590 1668 - - -
Drops made with air-vent door removed. 
Part of contour fell outside of grid. 
TABLE III 
CONTOUR LENGTHS (FT.) FOR THIN AND THICK MIXTURE 
DROPS ONTO OPEN AREA 
DROP" 
NO. 
GELGARD 
MIXTURE 
DROP 
HEIGHT 
(FT.) 
>0' 
CONTOUR LEVEL (GRAMS) 
> 1  >2 >5 
LENGTH (FT.) 
>10 515 >20 
1 Thin 64 305** 215 209 109 62 50 26 
2 Thin 68 328** 230 223 131 22 - -
3 Thin 68 325** 250 218 100 57 26 15 
4 Thin 70 289 214 16 8 136 49 11 6 
5 Thin 72 339 232 190 128 56 10 -
6 Thin 74 310 219 194 124 31 1 -
7 Thin 95 316** 266 200 97 25 6 -
8 Thin 104 306** 210 174 84 5 - -
9 Thick 66 320 252 203 125 103 45 13 
10 Thick 87 322** 235 184 118 43 2 -
11 Thick 104 300** 225 180 105 9 - -
12 Thick 105 332** 266** 206 106 15 - -
13 Thick 124 313** 248 190 90 - - -
14* Thick 56 284** 250 206 120 53 40 24 
15* Thick 98 310** 244 196 129 61 14 2 
16* Thick 125 300 233 202 90 - - -
1 Drops made with air-vent door removed. 
2 "**" Part of contour fell outside of grid. 
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FLIGHT DIRECTION 
cP 
. JUNE 21. 1967 15:59 M.S.T. 
A TEMPERATURE 64" 
JREL. HUMIDrrV 40% 
/ ALTrrUDE 72' 
/ AIRSPEED 100 MPH 
RECOVERY 78% 
ON SITE WIND CALM 
GALLONS DROPPED 250 IMP 6AL 
RETARDANT MIXTURE THIN 
100 T50 FEET 
Figure 10. Drop no. 5, open field 
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FEET 
400 
350 
FLIGHT DIRECTION 
300 
250 
WIND SW2MPH 
200 
150 
JUNE 20. 1967 16:38 M.S.T. 
TtMPERATURE 75" 
IREL. MUMIDITY 28% f ALTITUOE 104' 100 
' RECOVERY 63% 
ON SfTE WIND SW 2 MPH 
GALLONS DROPPED 250 IMP 6AL 
RETARDANT MIXTURE THffsl 
100 
i 
150 FEET 
Figure 11. Drop no. 8. open field 
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have time to disperse greatly during the fall to the ground, 
hence the larger values in the higher contour levels. In 
Drop 8, the >0 and 1 gm. contour levels had larger area 
values while the contour levels above 2 gm. had smaller 
values, indicating the retardant dispersed within the falling 
mass. The greater total area of Drop 8 could be partly-
attributed to the effect of wind and the interpolation re­
quired to close the >0 contour. Percentage ground recovery 
indicated the high drop (6 3 per cent) lost more fine particles 
to drift and evaporation during the fall to the ground than 
did the low drop (78 per cent). 
TABLE IV 
CONTOUR LEVEL AREAS (SQ. FT.) AND LENGTHS (FT.) 
FOR THIN MIXTURE AIR DROPS SHOWING EFFECT 
OF DROP HEIGHT 
DROP CONTOUR LEVEL (GRAMS) 
DROP HEIGHT 
NO. (FT.) 
>0  ?1 >2 55 ?10 515 520 
- AREA (SQ. FT.) 
5 72 17,412 9,518 6,642 2,790 364 60 
8 104 19,420* 9,796 6,308 1,900 12 
LENGTH (FT.) 
5 72 
8 104 
339 232 190 128 56 10 
306* 210 174 84 5 -
* Part of contour fell outside of grid. 
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(ii) Thick mixture 
The effect of drop height on ground distribution 
patterns was illustrated to a greater extent with thick mix­
ture drops 9, 10, 11 and 13, listed in Table V (Figures 12, 
13, 14 and 15). With an increase in drop height, there was 
a corresponding decrease in the areas and lengths of the con­
tour levels above and including 5 grams. The greater the 
release height, the more time the retardant within the fall­
ing mass had to disperse into droplets from bulk form. 
TABLE V 
CONTOUR LEVEL AREAS (SQ. FT.) AND LENGTHS (FT.) 
FOR THICK MIXTURE DROPS SHOWING EFFECT 
OF DROP HEIGHT 
DROP 
DROP HEIGHT 
NO. (FT.) 
CONTOUR LEVEL (GRAMS) 
> 0  >1 52 55 510 515 520 
— AREA (SQ. FT.) 
9 66 18,492 10,336 6,880 3,382 1,032 282 20 
10 87 19,028* 9,602 6,296 2,400 326 4 
11 104 18,398* 11,000 7,016 2,080 32 -
13 124 21,136* 10,870 6,736 2,252 _ _ _ 
LENGTH (FT.) 
9 66 
10 87 
11 104 
13 124 
320 
322* 
300* 
313* 
252 203 125 
235 184 118 
225 180 105 
248 190 90 
103 45 13 
43 2 -
9 -
* Part of contour fell outside of grid. 
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FEET 
400r 
350-
FLieHT DIRECTION 
300 
250 
200-
150-
100-
50-
WIND S W6MPH 
JULY 6.1967 iai9 M.S.T. 
TEMPERATURE 61' 
REL. HUMIDrrv 64% 
ALTrrUDE 66' 
ARSPEED 110 MPH 
/RECOVERY 94H 
J ON SrTE WIND S W 6 MPH 
f GALLONS DROPPED 250 IMP. GAL. 
RETARDANT MIXTURE THICK 
150 FEET 
Figure 12. Drop no. 9,open field 
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FLIGHT DIRECTION 
50-
/JULY 10.1967 15.39 M.S T. 
f TEMPERATURE 71' I REL HUMIDITY 3-.% 
\ ALTITUDE 87' 
) AIRSPEED 110 MPH 
RECOVERY 74% 
ON SITE WIND CALM 
GALLONS DROPPED 250 IMP GAL 
RETARDANT MIXTURE THICK 
V. 
^^-'50 — ' 100" 150 FEET 
Figure 13, Drop no. 10.open field 
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FEET 
400r 
f FLIGHT DIRECTION 
SJULY 1,1967 13:05 M.S.T TEMPERATURE 65° 
REL. HUMIOm/ 44% 
ALTITUDE 104' 
AIRSPEED 110 MPH 
RECOVERY 72% 
ON SITE WIND CALM 
GALLONS DROPPED 250 IMP. GAL 
RETARDANT MIXTURE THICK 
50 100 150 FEET 
Figure 14- Drop no. 11 .open field 
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I FLISHT DIRECTION 
OULY 11,1967 14:17 M.S.T. 
TEMPERATURE 76° 
RE1_- HUMIOrrv 34% 
ALTITUDE 124* 
AIRSPEED 110 MPH 
RECOVERY 70H 
ON SfTE WIND CALM 
GALLONS DROPPED 250 6AL-
iRETARDANT MIXTURE THIN 
150 FEET 
Figure 15. Drop no. 13 . open field 
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Percentage ground recovery for the four drops 
(85, 74, 72 and 70 per cent) decreased with an increase in 
release height, indicating the effect of evaporation, 
erosion and possibly wind drift. 
The areas and lengths of the lower three contour 
levels indicated that there was no great difference between 
the total area covered by both the thin and thick mixture 
drops. 
2. Effect of viscosity on ground distribution patterns 
Difference in mixture viscosity had an effect on 
the ground distribution patterns formed with both low and 
high drops. 
(i) Low drop 
The drop patterns formed by a thin and a thick 
GELGARD F mixture released from 6 8 and 66 feet respectively 
showed that the thick mixture produced greater areas and 
lengths in the contour levels above and including 5 grams 
(Table VI). For the thin drop, the higher areas in the con­
tour levels less than 2 gm. indicated that more dispersion 
occurred with the lower-viscous material. However, the 
difference was not pronounced; both materials dispersed to 
some degree so that the effect of viscosity on drop pattern 
was primarily noticeable in the higher concentration levels. 
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Percentage ground recovery was much, lower for the thin mix­
ture (71 per cent) than for the thick mixture (94 per cent). 
Respective drop patterns are shown in Figures 16 and 12. 
(ii) High drop 
A similar but less pronounced effect of retardant 
mixture viscosity on ground distribution patterns occurred 
with the high (104 ft.) drops (Table VII). The thick mixture 
produced somewhat higher areas and lengths in the contour 
levels greater than 1 gm., indicating less dispersion occurred 
in the thick than in the thin mixture during the fall to the 
ground. Percentage ground recovery was greater for the 
thick mixture (72 per cent) than the thin mixture (6 3 per 
cent). Respective drop patterns are shown in Figures 11 and 
14. 
3. Effect of wind on ground distribution patterns 
Although the majority of air drop tests were 
conducted under low wind conditions, the pronounced effect 
of high wind speed and wind direction was evident on several 
drops. Figure 17 shows the effect of wind on a thick retar­
dant mixture released from 105 feet (Drop 12). Winds at 
the moment of release were recorded at 8 m.p.h. at 4^^ feet 
at a direction of 45® from the line of flight, i.e., drop 
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TABLE VI 
CONTOUR LEVEL AREAS (SQ. FT.) AND LENGTHS (FT.) 
FOR LOW DROPS SHOWING EFFECT 
OF MIXTURE VISCOSITY (MIX. VIS.) 
CONTOUR LEVEL (GRAMS) 
DROP MIX. >0 5l 52 55 5lO 515 520 
NO. VIS. AREA (SQ. FT.) 
2 Thin 19,380* 10,784 7,250 2,542 10'6 
9 Thick 18,492 10,336 6,880 3,382 1,032 282 20 
LENGTH (FT.)— 
2 Thin 328* 230 223 131 22 -
9 Thick 320 252 303 125 103 45 13 
* Part of contour fell outside of grid. 
TABLE VII 
CONTOUR LEVEL AREAS (SQ. FT.) AND LENGTHS (FT.) 
FOR HIGH DROPS SHOWING EFFECT 
OF MIXTURE VISCOSITY (MIX. VIS.) 
CONTOUR LEVEL (GRAMS) 
DROP MIX. >0 >1 52 55 510 5l5 520 
NO. VIS. AREA (SQ. FT.) 
8 Thin 19,420* 9,796 6,308 1,900 12 -
11 Thick 18,398* 11,000 7,016 2,080 32 -
LENGTH (FT.) 
8 Thin 306* 210 174 84 5 -
11 ' Thick 300* 225 184 79 9 -
* Part of contour fell outside of grid. 
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P FLIGHT DIRECTION 
WIND S E2MPH 
200-
150-
50 
(JUNE 21,1957 12:09 M.S.T. 
tMPERATURE 57' _ HLTjCDITY 62* 
^ ALTTTVOH CQ' 
AIRSPEED XX) MPM 
RECOVERY 7T% 
ON SrTE WIND S E 2 MPH 
eAi_LONS DFiOPPED 530 WP. GAL. 
RETARDANT MDCTU^fETHW 
I 
100 150 FEET 
Figure 16. Drop no. 2 , open field 
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FEET 
400r 
350 
300 
250 
200 
150 
100 
50 
f FLIGHT DIRECTION 
S 8MPH 
\ 
- JULY 6. 1957 11:36 M 
TEMPERATURE 54 • 
REL. HUMIDITY 54% 
ALTfTUOE 10^ 
AIRSPEED 110 MPH 
RECOVERY 76% 
ON SrTE Wisro S 8 MPH 
©ALLONS DROPPED 250 IMP^AL 
RETARDANT MIXTURE THK^K 
50 100 
__l 
150 FEET 
Figure 17. Drop no. 12, open field 
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was made into the wind. The entire retardant mass was 
moved with the wind a distance of 25 feet from the release 
point. However, the wind effect was much greater on the 
contour levels less than 5 grams. These contour levels were 
elongated in the direction of the wind and partly fell out­
side the grid area. 
Forest Stand Test Drops 
The areas covered by each contour level and 
percentage ground recovery for the thick mixture forest 
stand drops are presented in Table VIII, while contour level 
lengths for the same test series are presented in Table IX. 
1. Effect of crown canopy on ground distribution patterns 
The crown canopy of the lodgepole pine stand 
affected the ground distribution patterns obtained. When 
compared to the open area drops, the areas and lengths of 
the contour levels for all the single stand drops were 
smaller, displaying the interception and retention charac­
teristics of the tree crowns. 
The effect of the tree canopy was further illus­
trated by the amount of retardant mixture reaching the 
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TABLE VIII 
CONTOUR AREAS (SQ. FT.) AND PERCENTAGE GROUND RECOVERY 
FOR THICK MIXTURE DROPS ONTO FOREST STAND 
DROP 
NO. 
> 0 -
CONTOUR LEVEL (GRAPHS) 
51 52 >5 
-AREA (SQ. FT.) — 
510 515 
GROUND 
RECOVERY 
(%) 
1 15224 7816 2292 4 - - 32 
2 12876* 5008 2060 252 - - 32 
3 15852* 6328 1816 184 4 - 31 
4 11828* 5364 3048 924 140 - 39 
5 17448* 6816 2456 6 - - 33 
6 19792* 11720 7000 1516 300 48 37 
II * II Part of contour fell outside of grid. 
TABLE IX 
CONTOUR LENGTHS (FT.) FOR THICK MIXTURE DROPS 
ONTO FOREST STAND 
DROP 
NO. 
> 0 -
CONTOUR LEVEL (GRAMS) 
5l 52 
LENGTH 
55 
(FT.) 
510 515 
1 238 198 157 2 - -
2 276* 161 96 23 - -
3 262* 198 108 18 1 -
4 233* 167 146 66 26 -
5 293* 219 123 3 - -
6 277* 255 185 88 37 16 
II * II Part of contour fell outside of grid. 
Note: Height for all drops 15 - 30 feet above canopy, or 
78 - 9 3 feet above ground; all retardant mixtures 
thick. 
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ground. The percentage ground recovery values were con­
sistent, considering the stand was natural and the trees 
unevenly spaced (Table VIII). Since all drops were released 
from 15 to 30 feet above the tree canopy, the greater portion 
of the retardant mass was likely in bulk form when contact 
with the tree crowns was made. The amount of retardant mix­
ture lost to evaporation and drift above the tree canopy 
was probably minimal. Thus, for the majority of the stand 
drops, approximately two-thirds of the retardant load was 
intercepted and retained by the tree crowns and stems. A 
small portion of the mixture likely drifted out of the drop 
area as fine droplets which formed when the load made contact 
with the canopy. 
The pre-selected location of the grid containers 
and random tree-spacing affected the characteristics of the 
stand ground distribution patterns. However, the force of 
the retardant mixtures was not totally dissipated by the 
tree crowns and stems, as shown by the drops'resemblance 
to the open area tests (Figures 18 and 19). 
The retardant mixtures on each of the two drop 
days were released at one-hour intervals, with the exception 
of Drop 6. An increase in mixture recovered on the ground 
for each succeeding drop was not displayed by the data. 
Observation of the tree canopy prior to each drop showed 
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FEET 
400r 
350-
300-
f FLIGHT DIRECTION 
250 
200 
150 
100 
50 
AUGUST 3,1967 13:43 M.S.T. 
TEMPERATURE 78' REL. HUMIDfTY 27% 
ALTITUDE 15-30' 
AIRSPEED 110 MPH 
RECOVERY 31H 
ON SfTE WIND CAL»» 
GALLONS DROPPED 245 !MP. GAL. 
RETARDAhrr MIXTURE THICK 
100 
I 
150 FEET 
Figure 18. Drop no. 3, lodgepole pine stand 
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FEET 
400r 
350-
300 
FU©HT DIRECTION 
250-
200 
150 
100 
50 
AUGUST ai967 16:38 M.S.T. 
,TEIi.<PERATURE BO* 
REL HUMOrTY 29% 
ALTTTUOE 
AIRSPEED 1-KDMPM 
RECOVERY 3r7H 
SHE WISJD CALM 
eALLONtS DROPPED 495 MP. 6A1_ 
RETARDAirr MDCT\JRE THICK 
"-'50- x' 100 150 FEET 
Figure 19. Drop no. 6| lodgopole pine stand 
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that the majority of the retardant material intercepted by 
the crowns had evaporated. The slight increase in the 
ground recovery rate for Drop 4 was primarily attributed to 
natural openings in the stand, although breakage of several 
branches by the continuous drops may have contributed to 
this increase. 
2. Single vs Double drop 
Two superimposed single drops were released onto 
the forest stand within one minute of each other. This 
double drop (Drop 6) produced greater contour level areas 
and lengths than did the single drops, as was expected. 
Data are presented in Table X and Figures 18 and 19. How­
ever, the ground recovery rates — 31 per cent for the single 
drop (78 gallons) and 37 per cent for the double drop 
(185 gallons) — indicated that a substantial part of the 
second load of the double drop remained in the tree canopy. 
Even though these two single drops were not totally super­
imposed, thus part of the second load fell onto dry canopy, 
the ground recovery rate for the double drop was less than 
expected. It had been assumed that the retardant mixture 
retained by the tree crowns following the first drop would 
reduce the friction and permit a large part of the second 
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drop to penetrate to the ground. 
TABLE X 
CONTOUR LEVEL AREAS CSQ. FT.) AND LENGTHS (FT.) 
FOR SINGLE AND DOUBLE FOREST STAND DROPS 
DROP 
NO. 
DROP 
TYPE 
>0^ 
CONTOUR LEVEL (GRAMS) 
5l 52 55 
- AREA (SQ. FT.)-
=10 515 520 
3 Single 15,852* 6,328 1,816 184 4 
6 Double 19,792* 11,720 7,000 1,516 300 48 
LENGTH (FT) 
3 
6 
Single 
Double 
262* 
277* 
198 
255 
108 
185 
18 
88 
1 
37 16 
1 "*" Part of contour fell outside of grid. 
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DISCUSSION OF RESULTS 
The procedure developed by Hodgson (1967) to 
determine ground distribution patterns for air drops was 
used for the open area phase of this study. A procedure 
to calibrate air drops made onto a forest stand was devel­
oped for the lodgepole pine stand test series, and is pre­
sented in the Methods. 
Results of the air drop tests show that the height 
at which a GELGARD F retardant mixture is released, and the 
viscosity of that mixture, both have an effect on the 
ground distribution patterns formed. The area and lengths 
of the different rates of GELGARD F application, which are 
delineated by the contour levels (grams), are listed in 
Tables IV to IX. 
Information on the minimiam amounts of various fire 
retardants that are necessary to extinguish fires of varying 
intensity in different fuel types is limited. Tests by 
Storey e^ (1959) indicated that 0.6 U.S. gal. wet water/ 
100 sq. ft. was required to extinguish a medium intensity 
headfire burning in medium dense pond pine timber with dense 
brush and reed understory. An acceptable amount of retardant 
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per drop is between 2 and 4 U.S. gal./ICQ sq. ft., for most 
chemicals and fuel types (Anon. 1967). However, discussions 
with U.S. Forest Service personnel have indicated that for 
viscous water, or a short-term retardant like GELGARD F, the 
minimum effective application rate is 4 U.S. gal./ICG sq. ft. 
Without a definitive explanation of the numerous factors 
involved, i.e., medium intensity headfire, most chemicals 
and fuel types, and minimum effective application rate, it is 
difficult to assess the effectiveness of the GELGARD F 
retardant/Snow airtanker combination. A comparison of the 
results on a quantitative basis is equally difficult. 
If it is assumed that a particular contour level, 
e.g. 5 gm. is effective in extinguishing a wildfire, the 
length of fire-line constructed by any drop can be determined 
by referring to Tables IV to IX. Conversion of the contour 
level weights in grams to other application rates used in 
fire control operations is made below: 
Cup Weight Depth Gallons/100 sq. ft. 
(grams) (inches) U.S. Imperial 
1 0.009 0.56 0.47 
2 0.018 1.13 0.94 
5 0.045 2.81 2.34 
10 0.090 5.62 4.68 
15 0.135 8.42 7.02 
20 0.180 11.23 9.36 
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However, the lack of sufficient information prevents further 
interpretation of the air drop data. 
The lack of a series of drops onto the lodgepole 
pine stand using thin GELGARD F retardant mixture does not 
permit a comparison of ground recovery rates of thin and 
thick mixture air drops. A large portion (approximately two-
thirds) of the thick mixture loads was retained by the tree 
crowns, accounting for the relatively short lengths of the 
higher contour levels in the ground distribution patterns. 
It is likely that a thin mixture of GELGARD F retardant re­
leased onto the same lodgepole pine stand would establish 
greater lengths of ground fire-line. Tests by Johansen 
(1967) showed the amount of viscous water reaching the ground 
was consistently less than the amount of plain water or wet 
water during drops onto a forest stand. 
The retardant retained in the tree crowns is not 
wasted by far. This coating on the aerial fuels undoubtedly 
prevents the surface fire from developing into a running 
crown fire. Thus, when serious crown fire situations are 
encountered, there may be an advantage in increasing the 
viscosity levels of GELGARD F retardant mixtures to keep 
more retardant in the crowns. When it is necessary to retard 
fire movements in surface fuels under crowns, the use of thin 
GELGARD F mixtures is advisable. The application of several 
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thick mixtures following release of several thin mixtures 
onto a surface fire will prevent any possible development 
of a crown fire. 
During the air drops onto the open area, it was 
noted that the falling mass of retardant formed a two-pronged 
head shortly after being released (Figure 20). The effect 
of this characteristic on one of the resultant ground dis^ 
tribution patterns is shown in Figure 10. It was speculated 
that the shape of the tank and the size of the top air vent 
combined to form this peculiar head. When the drop gate was 
opened, the retardant in the bottom of the hopper-shaped 
tank was immediately released. The :remaining part of the 
load was not likely jettisoned until a sufficient amount of 
air entered the tank through the 9-inch diameter air vent, 
accounting for the fingered-effeet of the falling retardant 
mass. Since the bulk of the load was jettisoned in a period 
of 1.5 seconds, it was difficult to determine whether the 
top air vent was too small and at least partly responsible 
for the formation of the two-pronged head. 
Several air drops (Drops 14, 15 and 16) were made 
with the top door of the tank, in which the 9-inch air vent 
is placed, removed. Both the air vent and top door of the 
tank are shown in Figure 6. Although no conclusive results 
were obtained from the open-door tests, it was noted that 
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the amount of fingering was reduced. However, the use of 
a thick retardant mixture, which in itself produced a some­
what blotchy pattern, as shown in Figures 12 and 14, pre­
vented further speculation. A recommendation to increase 
the size of the top air vent to at least 1/5 the area of the 
drop gate and construct a spring-loaded door which remains 
closed during flight was made. 
The potential hazard to ground personnel when 
utilizing this airtanker/retardant combination should not 
be overlooked. Even though the retardant load is relatively 
small (250 imperial gal.), the low drop height above the 
tree canopy subjects the tree crowns to the retardant in 
bulk form at speeds close to that of the aircraft. Breakage 
of tree branches and occasionally tree stems, as shown in 
Figure 21, can cause serious injury to ground crews in the 
drop area unless safety precautions are taken. 
The results of this study can aid the bird-dog 
officer directing the air drops and the fire boss on the fire-
line in determining the type of mixture required for a par­
ticular fire situation. Requests for a specific type(s) of 
retardant mixture can easily be filled by the mixing crew 
at the air base. Close coordination between these personnel 
will ensure that the Snow airtanker/GELGARD F retardant com­
bination is being applied most efficiently. However, additional 
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Figure 20. The two-pronged head formed when 
retardant is released from the 
Snow. 
Figure 21. Tree stem broken after several 
GELGARD F drops onto the lodgepole 
pine stand. 
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information on the minimum application rates required for 
GELGARD F retardant is needed to permit the effectiveness 
of the Snow to be determined on a more objective basis. 
The number of air drops needed to extinguish a particular 
fire, in terms of length of retardant fire-line required, 
can then be determined by fire control personnel. 
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SUMMARY 
Air drop tests with, the 250 imperial gallon 
capacity Snow Commander airtanker and GELGARD F short-term 
fire retardant were conducted near Edson, Alberta in 196 7. 
Thin and thick retardant mixtures were released onto an 
open field from altitudes between 66 and 124 feet above the 
ground; thick mixtures were released onto a mature, well-
stocked lodgepole pine stand from 15 - 30 feet above the 
tree canopy, or 7 8 to 9 3 feet above the ground. A total 
of 22 test drops was made. 
The purpose of the study was to determine the 
effect of drop height, retardant mixture viscosity and tree 
canopy on the ground distribution patterns. Grid systems to 
calibrate the retardant drops were established on the two 
study sites. Following each drop, paper cups containing 
retardant mixture were capped to prevent evaporation, collec­
ted and weighed. Data were compiled and ground distribution 
patterns drawn for each drop. The areas and lengths of con­
tour levels were measured and amount of retardant reaching 
the ground calculated. 
The various ground distribution patterns were 
compared and the following results were obtained: 
1. The height at which GELGARD F retardant mixtures are 
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released onto an open area affects the ground distribu­
tion patterns. This effect is evident in both the thin 
(Table IV, Figures 10 and 11J and thick (Table V, Figures 
12, 13, 14 and 15) mixture drops. Low drops produce 
more concentrated drop patterns than high drops. 
The viscosity of GBLGARD F mixtures affects the ground 
distribution patterns of both low (Table VX, Figures 12 
and 16) and high (Table Vir, Figures 11 and 14) altitude 
drops onto an open area. Thick mixtures produce more 
concentrated, although not smaller, drop patterns than 
thin mixtures. 
The amount of retardant reaching the ground in the open 
area is greater for thick mixtures, and increases with 
a decrease in drop height for both thin and thick mix­
tures (Table II). 
Wind speed and direction affects the ground distribution 
patterns. The effects are especially noticeable in the 
lower concentration levels and on the leeward side 
(Figure 17). 
The tree canopy of the lodgepole pine stand decreases 
the size of the ground distribution patterns and the 
amount of retardant material reaching the ground (Tables 
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VIII, IX and X, Figures 18 and 19). Approximately two-
thirds of the thick GELGARD F mixture loads is retained 
by the tree crowns and stems. 
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APPENDIX I 
GELGARD F EVALUATION FORM 
Location EPSON, ALBERTA Date JULY 7, 1969 
Aircraft Identification CF-VAS 
Load No. (Drop) 
Amount of GELGARD 12 lbs. 
Amount of Water 250 gal. 
Temperature of Water 64 op. 
Pressure 2^ psi . 
Time to Empty GELGARD Hopper 3 min. 57 sec. 
Time to Load Water ^ min. 12 sec. 
Time (local) loading is completed hrs. 
Time of Takeoff 1315 Return 1339 
Mixing: Foamy (Yes or No): 
Mixture too thick for modified Marsh funnel 
reading. 
General Remarks: 
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APPENDIX II 
GRID SYSTEM EVALUATION FORM 
Location: EPSON, ALBERTA Date; JULY 7, 1967 
Aircraft Identification CF-VAS 
Drop Number Drop Time 1328 
Height of Aircraft (feet) 99 (corrected 104) 
Speed (m.p.h.) HO 
Accuracy: On Target ft. 
Left of Centre Line ft. 
Right of Centre Line 10 ft. 
Undershoot ft. Overshoot ft. 
REMARKS ON DROP; Drift; YES No X 
Plane from N.E. 
RELATIVE HUMIDITY £4 % 
TEMPERATURE 65 °F 
WIND: SPEED Calm (m.p.h.) DIRECTION 
REMARKS ON WEATHER: 
CLOUDS: Yes X No Type SCu 
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APPENDIX III 
MacPherson (1967), in describing the same study 
reported on by Hodgson (1967), lists the following as the 
principal sources of error in the measurement of the amount 
of water collected in each cup: 
1. evaporation of water in the cup before weighing. 
2. variation in the cup and lid weights. 
3. the cup and can being out of round, or not mounted 
vertically during the drop. 
4. the splashing of water. 
5. human mistakes — spillage, mislabeling, misweighing, 
etc. 
Since essentially the same procedures in measuring 
and compiling the data following each drop were carried out 
during this project, the description of the possible errors 
encountered by Hodgson (1967) and MacPherson (1967) in their 
study is considered applicable here. 
An evaporation test was conducted to investigate 
how much water loss could be expected from the cups between 
the time of the drop and the time of weighing. The tests 
revealed that water losses from the cups due to evaporation 
were minimal once the cups were capped. At temperatures 
less than 60°F, the cups between the 0.10 and C.15-in. 
contours (approximately the 10 and 20 gm. contours), and those 
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between the 0.005 and 0.01-in. contours, lost about the same 
amount owing to evaporation. At higher temperatures, eyip-• 
oration became a more serious problem for the cups contain^ ^ 
ing the greater amounts of water. if o.l gram of water wa3. 
evaporated from each of 500 cups in a Canso drop, the reduc­
tion in the recovery factor would be only 2.5 per cent. If 
the same amount was lost from each of 22 0 cups in an Otter 
drop, the resulting reduction would be 4.3 per cent. It 
must be pointed out that the times used in the evaporation 
tests represent the maximum times that any cups would be 
similarly exposed during an actual drop. Within 10 minutes 
of the drop, all cups had usually been capped. 
Since the water weights were calculated by sub­
tracting the average cup plus lid weight from the total 
weight of each of the collected cups, variations in actual 
cup and lid weights would be reflected as errors in the 
water weights. The statistical study of the weights of the 
cups and lids produced an rms. standard deviation in the 
total cup plus lid weight equalling 0.16 gram. 
These first two sources of error taken together 
produce a possible error of up to 0.26 gram in each measured 
amount of water. This is 38 per cent of the water weight 
representing the 0.005-in. contour, 4.8 per cent of that for 
the 0.04-in. contour (approximately 5 gm. contour), and less 
than 2 per cent of that for the 0.10-in. contour (approxi­
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mately 10 gm. contour). It is apparent, then, that the ' 
heavier contours are the most reliable, although thp- laxger, 
percentage errors possible in the water weights representing 
the lighter contours do not necessarily mean that there wiill" 
be equally large errors in the resulting contour positrons. 
The small grid spacing, large number of cups, and the usually 
fairly steep water density gradients, collectively mean that 
very few contours would be noticeably changed, even by 0.26-
gm. errors in the water weights. 
Errors resulting from a non-vertical cup and can 
are negligibly small, as are those resulting from a can and 
cup being out of round. For the heavier contours, a 5 per 
cent error in the area of the out-of-round cup would be 
larger than that produced by the evaporation and cup weight 
variation. However, since these greater contours usually 
occur in regions of steep gradients in water density and 
since the grid spacing is small, it is unlikely that this 
magnitude of error would noticeably affect the contour 
patterns. The splashing of water into and out of the cups 
and the human errors of spillage, mislabeling, misweighing, 
etc. were considered minimal. 
APPENDIX IVa 
CONTOUR AREAS (SQ. FT.) AND PERCENTAGE GROUND RECOVERY 
FOR THIN AND THICK MIXTURE DROPS ONTO OPEN AREA 
DATE & 
DROP NO. 
DROP 
HEIGHT 
(FT.) 
GELGARD 
MIXTURE 
>0' 
CONTOUR LEVEL (GRAMS) 
51 52 55 >10 
— AREA (SQ. FT.) 
515 520 
GROUND 
RECOVERY 
(%) 
June 20-1 74 Thin 16784 9928 7208 2676 256 8 - 77 
June 20-2 104 Thin 19420** 9796 6308 1900 12 - - 63 
June 21-1 70 Thin 16788 9724 6824 2736 512 100 32 82 
June 21-2 68 Thin 19380** 10784 7250 2542 106 - - 71 
June 21-3 64 Thin 16916** 9216 5972 2160 996 492 132 80 
June 21-4 72 Thin 17412 9518 6642 2790 364 60 - 78 
June 23-3 68 Thin 18916** 10724 6378 1888 490 148 32 74 
July 10-4 95 Thin 19000** 10016 5382 1840 240 60 - 67 
July 6-2 66 Thick 18492 10336 6880 3382 1032 282 20 94 
July 6-3* 98 Thick 20152** 11328 7318 2618 744 154 4 90 
July 6-4 105 Thick 20268** 13420** 7082 1872 94 - - 78 
July 6-5* 56 Thick 16612** 10188 6720 2156 696 352 148 85 
July 7-1 104 Thick 18398** 11000 7016 2080 32 - - 72 
July 7-2* 125 Thick 21040 11270 7590 1668 - - - 75 
July 10-3 87 Thick 19028** 9602 6296 2400 326 4 - 74 
July 11-3 124 Thick 21136** 10870 6736 2252 - - - 70 
1 Drops made with air-vent door removed. 
2 "**" Part of contour fell outside of grid. 
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APPENDIX IVb 
CONTOUR LENGTHS (FT.) FOR THIN AND THICK MIXTURE 
DROPS ONTO OPEN AREA 
DATE & 
"DROP NO. 
> 0 '  
CONTOUR LEVEL (GRAMS) 
51 > 2  55 >10 
LENGTH (FT.) 
515 520 
June 20-1 310 219 194 124 31 1 -
June 20-2 306** 210 174 84 5 - -
June 21-1 289 214 168 136 49 11 6 
June 21-2 328** 230 223 131 22 - -
June 21-3 305** 215 209 109 62 50 26 
June 21-4 339 232 190 128 56 10 -
June 23-3 325** 250 218 100 57 26 15 
July 10-4 316** 266 200 97 25 6 -
July 6-2 320 252 203 125 103 45 13 
July 6-3* 310** 244 196 129 61 14 2 
July 6-4 332 266 206 106 15 - -
July 6-5* 284** 250 206 120 53 40 24 
July 7-1 300** 225 180 105 9 - -
July 7-2* 300 233 202 90 - - -
July 10-3 322** 235 184 118 43 2 -
July 11-3 313** 248 190 90 - - -
1 Drops made with air-vent door removed. 
2 "**" Part of contour fell outside of grid. 
